Because most heart failure care occurs in the ambulatory setting, outpatient practices are a natural focus for investigating the quality of heart failure care. However, little is known about the contribution of practice site to practice-level variation in treatment of outpatients with HFREF. Previous knowledge is limited to IMPROVE HF, which observed variation in treatment for HFREF by clinic at baseline 6 but did not find an association between a number of practice characteristics and improvement in use of guideline-recommended therapies over time. 7 This raises the question of the degree to which practice site is associated with variation in care. An understanding of outpatient practice performance, variations in care across practices, and factors Background-The objective of this study is to examine practice-level variation in rates of guideline-recommended treatment for outpatients with heart failure and reduced ejection fraction, and to examine the association between treatment variation and practice site, independent of patient factors.
B eta-blockers (BB) and angiotensin-converting enzyme inhibitors (ACEI) or angiotensin receptor blockers (ARB) are guideline-recommended therapies for ambulatory patients with heart failure and reduced ejection fraction (HFREF). 1 Among patients hospitalized for heart failure, the use of these therapies in routine practice has improved. 2, 3 In contrast, few quality improvement programs have focused on ambulatory care of HFREF despite national performance measures that encourage the use of these therapies in the outpatient setting. 4 One program, The Registry to Improve the Use of Evidence-Based Heart Failure Therapies in the Outpatient Setting (IMPROVE HF), demonstrated improvements in use of guideline-recommended therapies among eligible patients with HREF in outpatient cardiology practices. 5 contributing to unnecessary variation in use of recommended therapies for HFREF is critical for developing effective interventions that could improve the quality of HF care.
The National Cardiovascular Disease Registry Practice Innovation and Clinical Excellence (PINNACLE) registry captures care provided in outpatient cardiology clinics and provides an opportunity to understand variability in treatment patterns among a national sample of ambulatory patients with HFREF. The aims of this study were to determine the overall rates of ACEI/ARB and BB use, to examine the degree of practice-level variation in the rates of treatment with ACEI/ ARB, BB, and an optimal combined treatment rate for eligible patients with HFREF, and to determine the association between practice site and variation in care, independent of patient-level factors.
Methods

Data Source
Data from the National Cardiovascular Disease Registry PINNACLE Registry were used for analyses. The PINNACLE program is a national office-based cardiovascular quality improvement registry with voluntary participation. 8, 9 Participating practices collect data at the point of care for each outpatient visit. Data are collected at the point of care using either PINNACLE paper-based chart abstraction forms or a validated mapping algorithm from the electronic medical record of each practice to capture requisite data elements comprehensively for PINNACLE program participation. 5 Data collected in the registry include demographics, insurance information and longitudinal data on symptoms, vital signs, medications, laboratory values, and comorbidities. In addition, medications are documented as prescribed or not prescribed for a medical, patient, or system reason. If a medication was documented as not prescribed for any reason, the patient was considered ineligible for that medication. Data collection is standardized through standard data definitions, uniform data entry and transmission requirements, and data quality checks.
Study Population
We identified patients with HFREF (left ventricular ejection fraction, ≤40%) enrolled in the National Cardiovascular Disease Registry PINNACLE registry between July 2008 and December 2010. BB and ACEI/ARB therapy was considered indicated for all patients. Patients with a documented reason for not prescribing any of the studied medication classes were considered ineligible and excluded from analyses for that particular class. As we were interested in examining practice-level rates of treatment in this study, we excluded practices with <10 eligible patients with HFREF or with treatment rates of 0% (n=3 practices).
Outcomes
Of primary interest was the extent of practice variation in rates of treatment with each individual medication and a composite measure. Therefore, the primary outcomes were practice-level rates of treatment with ACEI/ARB, BB, and an optimal combined treatment measure. The optimal combined treatment measure was calculated based on a method used by the Joint Commission 10 and was the percentage of patients treated with all of the medications for which they were eligible. Therefore, to meet the optimal combined treatment measure, if a patient was only eligible for 1 medication, that 1 medication had to be prescribed; if a patient was eligible for both medications, both medications (ACEI/ARB and BB) had to be prescribed. Thus, the total number of patients eligible for the optimal combined treatment measure was greater than the total number eligible for each individual measure. Primary analyses were based on each patient's first encounter in the registry. A sensitivity analysis was performed based on all encounters within 1 year from the index visit.
Patient-Level Factors
Patient-level variables were chosen a priori based on previous literature and clinical importance. Variables selected as candidates for the multivariable models included both demographics (age, sex, insurance payer) and clinical factors (dyslipidemia, hypertension, diabetes mellitus, current smoker, peripheral artery disease, atrial fibrillation or flutter, history of stroke or transient ischemic attack, history of myocardial infarction [MI], angina, coronary artery bypass grafting within the previous year, and percutaneous coronary intervention [PCI] within the previous year).
Statistical Analysis
Baseline characteristics between patients treated and not treated were compared using t tests for continuous variables and χ 2 tests for categorical variables. Given that the primary unit of analysis for this study was the practice, treatment rates were determined for ACEI/ ARB, BB, and the composite measure for each practice and examined with descriptive plots.
Multivariable hierarchical modified Poisson regression models then were constructed to determine (1) practice-level variation in treatment rates and (2) the association between patient-level factors and treatment rates. These were 2-level hierarchical models with the practice modeled as a random effect and patient covariates as fixed effects. To quantify practice-level variation, the median rate ratio (MRR) was calculated. The MRR is determined from hierarchical models with only patient-level factors included. The MRR estimates the typical rate ratio between 2 randomly selected practices for a patient with given covariates. 11, 12 The MRR is always >1.0 (an MRR of 1.0 suggests no variation between practices). Because the MRR is always >1.0, the confidence intervals will be >1.0 as well. The MRR allows meaningful qualitative comparisons with the effect sizes of patient factors included in hierarchical models, although a statistical measure of significance for this comparison is not available. 12, 13 Thus, the magnitude of the MRR was examined relative to the magnitude of the demographic and clinical patient factors described above. No variable selection procedures were performed.
Several secondary analyses were performed. First, hypothesizing that practices with a greater number of patients with HFREF would have higher treatment rates, we evaluated the impact of the number of patients with HFREF at a practice in the multivariable models. Second, we examined the impact of the length of participation time in PINNACLE in the multivariable models. We hypothesized that practices may have a learning curve and that those with longer participation time may have higher treatment rates. Third, to exclude the possibility that higher treatment rates may represent better documentation rather than better performance, we examined the correlation between treatment rates and documentation of contraindications to medications. If better performance is because of better documentation, a high correlation between treatment rates and documented exclusions would be expected. Finally, we evaluated treatment rates by method of data collection (paper versus via electronic health record) by adding this to the multivariable models.
The rate of missing data was 13.2% for smoking status, 5.8% for insurance status, 3.6% for PCI within 12 months, 3.4% for coronary artery bypass grafting within 12 months, and 1.6% for history of MI. To avoid casewise deletion of those cases with missing data points, for each of these variables, a separate missing category was created and included in the models.
All analyses were performed using the SAS statistical package version 9.1 (SAS Institute, Cary, NC). The authors had full access to the data and take full responsibility for the integrity of the data. All authors have read and agreed to the article as written. The American College of Cardiology PINNACLE registry approved the analysis and the Mid America Heart Institute human investigation committee determined that informed consent was not applicable to the data collected by the registry.
Results
A total of 12 556 patients with HFREF from 43 practices were identified. Practices had a median of 13 physicians (interquartile range, 2, 24), and 93% (n=40) were in an urban location. After accounting for contraindications to individual therapies, 12 046 patients were eligible for the ACEI/ ARB treatment analyses, 12 384 patients for the BB treatment analyses, and 12 510 patients for the optimal combined treatment analyses.
At the patient level, the rate of treatment with ACEI/ ARB was 79%, BB was 89%, and the rate of meeting the composite was 74%. Characteristics of eligible patients who received and did not receive an ACEI/ARB, BB, or the composite measure are presented in Table 1 . Compared with those who did not receive treatment, those who were treated with an ACEI/ARB were younger, more frequently men, and of white race; more likely to have a history of stroke, angina, and atrial fibrillation; more likely to have had PCI or coronary artery bypass grafting within 12 months; and more likely to be treated with antiplatelet agents. Rates of coronary artery disease, hypertension, and diabetes mellitus were similar among patients who were and were not prescribed an ACEI/ARB. Those not prescribed an ACEI/ARB were more likely to have private insurance.
Compared with those who were not treated, those who were treated with a BB were younger, more likely nonsmokers, and more likely to have coronary artery disease, dyslipidemia, diabetes mellitus, previous MI, coronary artery bypass grafting within the past 12 months, and be treated with antiplatelet agents. Those not prescribed a BB were more likely to have private insurance and to have a history of stroke. Finally, patients meeting the optimal combined treatment measure were younger, more frequently men, and of white race, more likely to have coronary artery disease, dyslipidemia, angina, a history of MI, PCI or within the past 12 months, and more likely to be treated with antiplatelet agents. Those not meeting the composite measure were more likely to have private insurance.
Patient Characteristics Independently Associated With Treatment
Patient characteristics associated with treatment rates in multivariable models are presented in Table 2 . Independent factors associated with higher treatment rates of ACEI/ARB included PCI within 12 months and dyslipidemia. For BB, history of MI and history of PCI within 12 months were independently associated with higher rates of treatment. Increasing age was associated with a lower rate of treatment for each agent and the composite. Independent factors associated with meeting the optimal combined treatment measure were dyslipidemia and PCI within 12 months.
Practice Variation in Treatment Rates
At the practice level, substantial variation in treatment was observed. For ACEI/ARB, treatment rates ranged from 44% to 100% (median, 85%; interquartile range, 75%-89%; Figure 1) . For BB, practice-level treatment rates ranged from 49% to 100% (median, 92%; interquartile range, 83%-95%; Figure 2 ) The practice-level rate of meeting the composite ranged from 37% to 100% (median, 79%; interquartile range, 66%-85%; Figure 3 ). When encounters for the entire year after the index visit were considered, median rates of treatment at the practice level increased slightly (81%-83% for ACEI/ARB; 87%-91% for BB).
After adjusting for differences in patient characteristics, practice-level variation in the treatment rates for ACEI/ARB, BB, or optimal combined treatment persisted. The adjusted MRR for practice effect was 1.11 (95% confidence interval, 1.08-1.18) for ACEI/ARB therapy, 1.08 (95% confidence interval, 1.05-1.15) for BB therapy, and 1.17 (95% confidence interval, 1.13-1.26) for optimal combined treatment. For each therapy as well as the optimal combined therapy measure, the effect size of the MRR was larger than the adjusted odds ratio of any patient-level factor ( Table 2 ), suggesting that the association between practice site and treatment was stronger than that of any individual patient factor.
In secondary analyses, the number of patients with HFREF at a practice was not associated with treatment and did not change the MRR for treatment for ACEI/ARB, BB, or the optimal combined treatment measure. Similarly, length of time participating in PINNACLE was not associated with treatment and did not change the MRR for treatment with ACEI/ARB, BB, or the optimal combined treatment measure. Paper data reporting was associated with higher treatment rates for all measures but did not change the MRR for any of the measures. The rate of documented exclusions for ACEI/ ARB was not correlated with treatment with ACEI/ARB (Spearman weighted correlation, 0.13; P=0.40). However, a modest correlation was observed between the rate of documented exclusions for BB and treatment rates (Spearman weighted correlation, 0.5; P≤0.001), although the absolute rate of documented exclusions for BB was low and varied little between practices (ranging from 1% to 5%).
Discussion
The PINNACLE Registry provides contemporary information on the real-world use of guideline-recommended medications for HFREF in the outpatient setting from >40 cardiology practices across the United States. Although rates of ACEI/ARB and BB use among patients with HFREF treated in outpatient cardiology clinics are relatively high, variations in care exist. We observed variation by practice for individual and combined measures of therapy. In all cases, fully adjusted models suggested that practice was a stronger predictor of treatment than any individual patient characteristic. These findings suggest that efforts to improve the use of evidence-based therapies in the outpatient setting should focus on practice site, in addition to patient factors.
Our findings are consistent with a previous study, IMPROVE HF, which reported similar rates of use of guidelinerecommended therapies in eligible patients across a sample of cardiology or multispecialty practices between 2005 and 2007. 6 When these data are compared with more contemporary data from PINNACLE, the rate of ACEI/ARB use is not different (80% in IMPROVE HF versus 79% in PINNACLE), and the rate of BB use is slightly higher (86% in IMPROVE HF versus 89% in PINNACLE). At the practice level, similar mean practice rates of treatment were observed for ACEI/ ARB (80% in IMPROVE HF versus 81% in PINNACLE) and BB (88% in IMPROVE versus 87% in PINNACLE). Although average rates of medication prescription are relatively high and may suggest a ceiling effect of these performance measures, observed practice variation indicates that these remain important targets for quality improvement efforts.
A number of practice-level factors may contribute to variation in care. However, IMPROVE HF did not find a significant association between improvement in care and a number of practice-level factors, including geographic location, practice type, number of cardiologists, number of electrophysiologists, affiliation with a hospital or transplant center, presence of a device-based clinic, annual average number of patients treated, number of HF-devoted advanced practice nurse or physician assistant staff, and the presence or absence of a dedicated HF clinic. 7 This suggests that other practice-level factors may be involved, such as differences in guideline familiarity, culture of practice, or implementation of tools and systems, such as those that can be programmed into electronic health records, to ensure that recommended care is provided. Further work is needed to understand the characteristics and processes of high-performing practices and to disseminate those processes to all practices to improve the use of guidelinebased therapies for HFREF in the outpatient setting.
We considered additional explanations for the observed variability in treatment rates across practices, including differences in the duration of participation in PINNACLE, differences in the number of patients with HFREF in a practice and differential documentation of contraindications. Our analyses did not suggest that differences in case volume or duration of participation within PINNACLE accounted for treatment variation across practices. We did find a modest correlation between documentation of exclusions for and rate of treatment with BB. The rate and variation in documentation of exclusions was low, making the observed correlation less likely to be of clinical significance. However, this finding may indicate that documentation might, in part, explain our findings and suggest that quality improvement efforts should focus on both improving documentation and clinical practice.
The focus of quality improvement for HFREF has largely been at the hospital level, with several national performance improvement programs designed to assess and improve care in the hospital setting. [14] [15] [16] Policies such as 30-day readmission penalties, while implemented at the hospital level, have brought attention to care provided outside of the hospital. Such policies may stimulate change in the ambulatory setting, particularly among integrated healthcare systems and accountable care organizations. Although much of the care for heart failure occurs in the ambulatory setting, few quality improvement programs have focused on ambulatory care of HFREF. IMPROVE HF demonstrated that a practice-based performance improvement program consisting of clinician education, clinical decision support tools, data collection, and benchmarked quality reports resulted in improvement in the overall adherence to performance metrics for heart failure in the ambulatory setting. 5 However, we found that in contemporary practice, practice site continues to be an important contributor to variability in treatment. Thus, addressing practice-level factors remains an important opportunity to improve the use of evidence-based heart failure therapies in the outpatient setting.
Several limitations should be considered in the interpretation of this study. First, PINNACLE practices may be highly motivated for quality improvement. Therefore, observed treatment rates may be higher than in practices not participating in PINNACLE. In particular, care provided in internal medicine and family practice clinics is unknown and may differ substantially from that of the PINNACLE sites. Furthermore, practices participating in PINNACLE were predominantly urban, which A-fib indicates atrial fibrillation; ACEI/ARB, angiotensin-converting enzyme inhibitors/angiotensin receptor blockers; BB, β-blockers; CABG, coronary artery bypass grafting; CI, confidence interval; MI, myocardial infarction; PAD, peripheral arterial disease; and PCI, percutaneous coronary intervention.
*Indicates patient characteristics significantly associated with prescription rates.
may also limit the generalizability of our findings. Second, documentation of contraindications may not be complete or accurate and does not include information on specific adverse reactions or contraindications. However, PINNACLE has data completeness and quality requirements for participation in the registry. Furthermore, to the extent that participating practices depend on the PINNACLE program to report for their pay-forperformance measures, it is in the best interest of the practices to submit complete data. Third, we were unable to explore the role of specific practice-level factors because limited data were available on practice characteristics. Finally, we were unable to assess other important aspects of heart failure care (eg, use of aldosterone antagonists, implantable cardioverter-defibrillators). Although these other aspects of care are class I guideline indications, they are not established consensus performance measures for heart failure care. 4 In conclusion, we found significant variation among outpatient practices in prescription of evidence-based therapies for patients with HFREF. This variation was independent of differences in case mix and was greatly influenced by the practice at which patients received care. Thus, efforts to improve the use of evidence-based HFREF therapies in the outpatient setting should target practice-level factors. 
